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d) Remarks 

Reconsideration and allowance of the present application in view 
of the foregoing amendments and accompanying remarks are 
respectfully requested . 

Claims 1-12 were pending in the subject application. By this 
Amendment, applicants have amended claims 1 and 9 and added new 
claims 13-30. Accordingly, upon entry of this Amendment, claims 
1-30 will be pending and under examination. 

Applicants maintain that amended claims 1 and 9 and new claims 
13-30 raise no issue of new matter and are fully supported by the 
specification as filed. 

Support for amended claim 1 may be found inter alia, in the 
specification, as originally filed, on page 4, lines 5-12, 
articles submitted by applicants in the May 24, 2003 Amendment, 
and articles attached hereto as Exhibits A-C, which show that 
gene therapy could be used to treat certain genetic diseases 
selected from the group consisting of diabetes, heart disease, 
and cancer. These articles will be discussed below. Support 
for amended claim 9 may be found inter alia in the 
specification, as originally filed, on page 4, lines 13-21, and 
the aforementioned articles. Support for new claim 13 may be 
found inter alia in the specification, as originally filed, on 
page 4, lines 13-21; page 8, line 23 through page 9 line 30/ and 
page 15, line 16 through page 16, line 5. Support for new claim 
14 may be found inter alia in the specification, as originally 
filed, on page 4, lines 5-13. Support of new claim 15 may be 
found inter alia in the specification, as originally filed, on 
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page 6, lines 14-17, Support "for new claim 16 may be found 
inter alia, in the specification, as originally filed, on page 6, 
lines 14 -17 ._Support for new claim 17 may be found inter alia in 
the specification, as originally filed, on page 6, lines 14-17. 
Support for new claim 18 may be found inter alia in the 
specification, as originally filed, on page 6, lines 18-21. 
Support of new claim 19 may be found inter alia in the 
specification, as originally filed, on page 6, lines 18-21. 
Support for new claim 2 0 may be found inter alia in the 
specification, as originally filed, on page 6, lines 18-21. 
Support for new claim 21 may be found inter alia in the 
specification, as originally filed, on page 6, lines 22-24. 
Support for new claim 22 may be found inter alia in the 
specification, as originally filed, on page 4, lines 13-21; page 
8, line 2 3 through page 9 line 30; and page 15, line 16 through 
page 16, line 5. Support for new claim 23 may be found inter 
alia in the specification, as originally filed, on page 4, lines 
5-13. Support of new claim 24 may be found inter alia in the 
specification, as originally filed, on page 6, lines 14-17. 
Support for new claim 2 5 may be found inter alia in the 
specification, as originally filed, on page 6, lines 14-17. 
Support for new claim 26 may be found inter alia in the 
specification, as originally filed, on page 6, lines 14-17. 
Support for new claim 27 may be found inter alia in the 
specification, as originally filed, on page 6, lines 18-21. 
Support of new claim 28 may be found inter alia in the 
specification, as originally filed, on page 6, lines 18-21. 
Support for new claim 2 9 may be found inter alia in the 
specification, as originally filed, on page 6, lines 18-21. 
Support for new claim 30 may be found inter alia in the 
specification, as originally filed, on page 6, lines 22-24. 



In the Advisory Action issued June 16, 2003, the Examiner stated 
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that applicant's reply to the February 24, 2003 Final Office 
Action has overcome the following re j ection ( s ) ; rejection of 
claims 1-12 under 35 U.S.C. §112, first paragraph, as adding new 
matter and rejection of claims 1-12 under 35 U.S.C. §112, second 
paragraph . 

The Examiner stated that continuation of 5 does not place the 
application in condition for allowance because the rejection of 
claims 1-12 failing to meet the enablement requirement of 35 
U.S.C. §112, first paragraph was maintained in the Final Office 
Action mailed February 24, 2003. The Examiner stated that in 
response, applicant cites several articles and provides a 
Declaration under 37 C.F.R. §1.132 from Dr. Martin Blank to 
support enablement for the claimed subject matter. The Examiner 
stated that although the specification mentions that the claimed 
method can be used to introduce an exogenous insulin gene, the 
disclosure does not contemplate the treatment of any specific 
disease using the method. The Examiner stated that therefore, 
it is assumed that applicant is claiming a method of which 
comprises gene therapy of any and all conditions. The Examiner 
stated that this assumption is supported by applicant's 
statement on page 14 of Paper No. 11 that, "the specification 
by mentioning gene therapy, inherently means that it is a method 
of treating any genetic disease." The Examiner stated that, 
therefore enablement for the full scope of the claimed subject 
matter requires enablement for gene therapy of any and all 
genetic diseases in any and all subjects, wherein a subject is 
an animal of any species which is in need of therapy. 

The Examiner stated that applicant again argues that the 
references cited by the examiner to establish a prima facie case 
of non-enablement are outdated and that gene therapy is 
generally enabled due to several recent advances in the field. 
The Examiner stated that to support this assertion, applicant 
cites the following articles: 

Jindal et al . (2001) Int. J. Exp. Diabetes Res. 2 :129-138, 
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which teaches delivery of preproinsulin into an 
immunocompromised mouse using an AAV vector; Ye et al . (1999) 
Science 283:88-91, which teaches delivery of erythropoietin to 
mice and a rhesus monkey using an AAV vector system; Edelberg 
et al. (1998) J. Clin. Invest. 101:337-343, which teaches gene 
transfer of a b2 adrenergic receptor into a murine neonatal 
cardiac transplantation model; Edelberg et al . (2001) Heart 
86:559-562, which teaches gene transfer of a b2 adrenergic 
receptor into pig hearts; Rosengart et al . (1999) Ann. Surg. 
230:466-470, which teaches a 6 month follow-up of a phase I 
clinical trail of VEGF gene therapy of coronary artery disease; 
Navarro et al . (1999) Gene Therapy 6:1884-1892, which teaches 
gene transfer of reporter genes into neurons using an 
adenovirus; Park et al . (2000) Blood 96:1173-1176, which teaches 
gene transfer of human factors VIII and IX into mice using a 
lentiviral vector; Kon et al . (1999) J. Gene Med. 1:186-194, 
which teaches gene transfer of insulin into diabetic mice; 
Steiner et al . (1998) Hum. Gene Ther. 9:747-755, which teaches 
inhibition of tumor cell growth by expression of a c-myc 
antisense construct from a retrovirus construct; Zhonghua et al . 
(2001) The First People's Hospital of Shanghai 30:198-201, which 
teaches Hsp70 regulated expression of a target gene in a tumor 
cell; Madio et al . (1998) J. Magn . Reson. 8:101-104, which 
teaches induction of endogenous hsp70 expression using MRI- 
guided focused ultrasound; Okano et al . (2001) 
Bioelectromagnetics 22:408-418, which teaches the effect of 
static magnetic fields on blood pressure in rabbits; Tofani et 
al. (2001) Bioelectromagnetics 22:419-428, which teaches the 
effect of static and ELF magnetic fields on tumor growth and 
apoptosis; DiCarlo et al . (1998) Bioelectromagnetics 19:498-500, 
which teaches the effect of electromagnetic fields on anoxic 
chick embryos; Kapturczak et al . (2001) 1:245-258, which 
provides a review of gene therapy of type 1 diabetes with an 
emphasis on AAV gene transfer; and Collateral Therapeutics, Inc. 
(Public Release, 2001) , which teaches that germ cells were 
unaffected following intracoronary delivery of an adenoviral 
vector . 
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The Examiner stated that although some of the teachings contained 
in the cited art are demonstrative of the slow progress towards 
effective therapy that is characteristic of the gene therapy 
art, the art does not support applicant's contention that gene 
therapy is generally enabled for any and all genetic diseases 
in any and all subjects. 

The Examiner stated that the experiments of Jindal et al . were 
performed in immunocompromised animals and thus do not account 
for the immune responses that have hindered development of gene 
therapy treatments . 

The Examiner stated that Ye et al. demonstrates the 
unpredictability of extending results obtained in one mammalian 
species to other species of mammals. The Examiner stated that 
experiments performed in mice showed no diminution in induced 
EPO expression at 6 months after gene transfer, while induced 
EPO-expression was undetectable in non-human primates 4 months 
after gene transfer for unknown reasons. 

The Examiner stated that Edelberg et al . (1998) summarizes their 
findings this way, "these studies demonstrate that the basal 
rate of the heart can be enhanced by local delivery of 
exogenous genes which can be used to improve our understanding 
of the regulation of cardiac automat icity . . .these 
investigations also provide an integrated experimental approach 
for identifying candidate genes and developing local delivery 
approaches for maximizing/prolonging effects of these candidate 
genes... the above approaches may eventually be useful in the 
potential development of both transient molecularly mediated 
and stable cellular-based cardiac pacemakers". The Examiner 
stated that Edelberg et al . teaches that the method disclosed 
therein might one day be useful in the potential development 
of a therapeutic method. The Examiner stated that likewise, 
Edelberg et al . (2001) teaches that b2 adrenergic receptor gene 
transfer into pig hearts transiently increased heart rate and 
characterizes the findings this way, "these studies showed that 
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the basal rate of the heart can be enhanced by local 
intravascular delivery of exogenous genes. The Examiner stated 
that these investigations may provide a foundation for 
developing novel therapeutics for cardiac chronotropic 
disorders". The Examiner stated that this is far from teaching 
an enabled gene therapy method applicable to a genetic disease 
in any subject. 

The Examiner stated that although clinical trial of Rosengart 
et al. shows some trend toward therapeutic effect, the findings 
are equivocal due to the small number of patients in the study 
and, as pointed out by Rosengart et al . , "the results are too 
preliminary to substantiate efficacy" . The Examiner stated that 
given the high degree of unpredictability regarding obtaining 
therapeutic efficacy using gene therapy approaches, as 
established in previous office actions, the skilled artisan 
would not view the teachings of Rosengart et al . as enabling for 
a method of gene therapy in all subjects. 

The Examiner stated that Navarro et al . teaches that adenovirus 
mediated gene transfer can provide reporter gene expression in 
neurons in vivo. The Examiner stated that, however, expression 
is clearly reduced over time and Navarro provides no guidance 
with regard to how the method described therein can be used to 
effectively treat a disease. The Examiner stated that Navarro 
et al. teaches only that the vector and method disclosed 
therein, "offers the possibility of transferring 2 potentially 
therapeutic genes into neurons within brain areas affected by 
various neurodegenerative diseases". The Examiner stated that 
given the high degree of unpredictability regarding obtaining 
therapeutic efficacy using gene therapy approaches, the skilled 
artisan would not view the teachings of Navarro et al . as 
enabling for a method of gene therapy in all subjects. 

The Examiner stated that Park et al . teaches gene transfer of 
human factors VIII and IX into mice using a lentiviral vector. 
The Examiner stated that, however, in contrast to applicant's 
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assertion that the teachings support the general enablement of 
gene therapy for genetic diseases. Park et al . exemplifies many 
of the problems encountered in developing a gene therapy 
approach to the treatment of any given disease. The Examiner 
stated that park teaches that expression of factor VIII was 
inhibited by an immune response against the protein in 
immunocompetent mice. The Examiner stated that although factor 
IX expression was better than factor VIII, Park et al . teaches, 
"[f]urther improvements in lentiviral vectors will likely be 
required to achieve therapeutic levels of hFIX at a dose that 
is considered safe". The Examiner stated that therefore. Park 
et al. teaches that the vectors available as of August 2000 
remained inadequate for predictable gene therapy. The Examiner 
stated that Park et al . further teaches , " to produce 
therapeutic levels of coagulation factors, techniques need to 
be developed to promote cell cycle progression in a safer, 
nonsurgical manner, such as the use of growth factors". The 
Examiner stated that therefore. Park et al . teaches that much 
work remains before gene therapy is enabled for the treatment 
of hemophilia, let alone any and all genetic conditions in any 
and all subjects. 

The Examiner stated that Kon et al . teaches gene transfer of 
insulin into diabetic mice. The Examiner stated that although 
some therapeutic effect is obtained in mice, Kon et al . teach, 
"the present study suggests that insulin gene transfer into 
skeletal muscle mediated by naked DMA could provide some 
therapeutic benefit in diabetes mellitus, further substantial 
improvements will be required before this approach can be 
seriously considered for clinical use". The Examiner stated 
that therefore , the teachings of Kon et al . regarding the 
therapeutic benefit of the method disclosed therein in the 
treatment of diabetes mellitus are equivocal and clearly 
indicate the need for further investigation. 

The Examiner stated that although Steiner et al . teaches some 
therapeutic effect of c-myc antisense expression in mouse tumor 
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models, Steiner et al . teaches that the findings do not 
generally support a method of gene therapy of prostate cancer 
in mammals. The Examiner stated that therefore, the skilled 
artisan, exemplified by the authors of Steiner et al . , would 
not consider the methods set forth therein as broadly enabled 
for therapeutic effect in all subjects. The Examiner stated 
that Zhonghua et al . teaches Hsp70 regulated expression of a 
reporter gene in a tumor cell. The Examiner stated that, 
however, Zhonghua et al . does not teach a therapeutic effect and 
given the high degree of unpredictability regarding obtaining 
therapeutic efficacy using gene therapy approaches, the skilled 
artisan would not view the teachings of Navarro et al . as 
enabling for a method of gene therapy in all subjects and for 
any and all genetic diseases. 

The Examiner stated that Madio et al . , Okano et al . , Tofani et 
al . and DiCarlo et al. teach various effects of electromagnetic 
fields on biological systems. The Examiner stated that the 
teachings do not, however, contemplate gene therapy and 
therefore do not address the basis of the enablement rejection, 
which is the unpredictability of achieving therapeutic effect 
in the treatment of any and all genetic diseases in an and all 
subjects using gene therapy. 

The Examiner stated that Kapturczak et al . provides a review of 
gene therapy of type 1 diabetes with an emphasis on AAV gene 
transfer. The Examiner stated that although Kapturczak et al . 
is generally optimistic about the future of AAV vectors in gene 
therapy, the authors also acknowledge that there is much work 
to be done in order to develop an effective gene therapy for 
type 1 diabetes. The Examiner stated that Kapturczak et al . 
teaches, " [a] t present, many questions exist that must first be 
addressed in animal models" including: which gene or genes will 
be most effective in preventing and/or delaying islet cell 
transplant rejection; will genes for allograft rejection 
prevent recurrent autoimmunity and vice versa; and how safe 
will islet cell immunomodulatory therapy be in terms of overall 
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physiology. The Examiner stated that therefore Kapturczak et 
al . teaches that there is much to be learned before gene 
therapy is enabled for type 1 diabetes in any animal let alone 
any and all subjects. 

The Examiner stated that applicant cites Collateral Therapeutics, 
Inc., which teaches that germ cells were unaffected following 
intracoronary delivery of an adenoviral vector. The Examiner 
stated that therapeutic effect was not demonstrated. 

The Examiner stated that taken as a whole, the art of record 
indicates that, at the time of filing, limited therapeutic 
effects had been observed in experimental models of a handful 
of genetic diseases. The Examiner stated that it must be 
emphasized that the claimed method is not limited to gene 
therapy of any of the diseases for which some evidence of 
therapeutic effect is shown. The Examiner stated that the claims 
encompass gene therapy of many intractable diseases and genetic 
diseases which comprise multiple genetic components or for which 
the genetic component is unknown. The Examiner stated that this 
is pointed out by Kapturczak et al . who teaches that one of the 
problems encountered in developing gene therapy "was the finding 
that most diseases are polygenic, involving multiple genetic 
factors. The Examiner stated that an example is the case of type 
1 diabetes where at least 18 separate chromosomal regions have 
been associated with genetic susceptibility to the disorder". 
The Examiner stated that therefore, even if vector and promoter 
systems had been perfected by the time the instant application 
was filed the skilled artisan would not be able to practice the 
claimed method the vast majority of genetic diseases without 
engaging in undue experimentation to overcome the barriers to 
therapeutic effect that are unique to each disease, such as 
identifying a therapeutic gene. 

The Examiner stated that applicant has submitted a Declaration 
by Dr. Martin Blank, wherein Dr. Blank states his belief that 
the teachings of the instant disclosure and relevant art as of 
the filing date of the application would enable one of ordinary 
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skill in the art to conduct a working in vivo experiment to 
practice the claimed invention such that a sustained therapeutic 
result is obtained. The Examiner stated that in paragraph 6 of 
the Declaration, Dr. Blank outlines steps involved in 
introducing an EMRE containing gene into a patient and applying 
an electromagnetic field. The Examiner stated that the 
statements in the Declaration have been fully considered but are 
not found persuasive because they do not address the general 
unpredictability of obtaining therapeutic effect using gene 
therapy techniques. The Examiner stated that is, the method 
steps set forth summarize what would be readily apparent to one 
of skill in the art but do not address the intricacies of immune 
response against vectors and transgenes and problems of promoter 
shutdown, etc., which have hindered the development of 
therapeutic methods using gene therapy techniques. The Examiner 
stated that furthermore, the teachings of the declaration are 
not enabling for the full scope of the claims which, as pointed 
out above, encompass a method of gene therapy for any and all 
genetic diseases. 

The Examiner stated that in support of enablement based on in 
vitro data, applicant also points to M.P.E.P. §2164 which states 
that the Examiner must weigh the evidence for and against 
correlation and decide whether one skilled in the art would 
accept the model as reasonably correlating to the condition. The 
Examiner stated, however, given the vast scope of conditions 
that applicant purports to treat according to the claimed 
method, it stands to reason that the limited number of examples 
provided in the specification and cited art cannot be correlated 
with the full scope of the claims. 

The Examiner stated that applicant again criticizes the art 
cited by the Examiner, which was published in or before 1997, 
as not representative of the state of the art at the time of 
filing. The Examiner stated that, however, as applicant is 
aware, the Examiner's burden is to establish a prima facie case 
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of nonenablement . The Examiner stated that the art cited by the 
examiner establishes that case. The Examiner stated that 
although applicant has cited more recent art, the teachings of 
each of the articles cited by applicant have been considered and 
an explanation of why the art fails to overcome the rejection 
has been provided. The Examiner stated that as the teachings of 
the art of record fail to provide enablement for the full scope 
of the claimed subject matter, the claims stand rejected under 
35 U.S.C. §112, first paragraph. 

In response, in an attempt to advance prosecution of the subject 
application, but without conceding the correctness of the 
Examiner's position, applicants have amended claims 1 and 9. 
Claims 1 and 9 have been amended to state that the method is 
used to treat a genetic disease selected from the group 
consisting of diabetes, heart disease, and cancer. In the 
Amendment dated May 24, 2003, applicant cited a number of 
articles, namely Jindal et al , (2001, Rosengart et al (1999), 
Kon et al. (1999), and Steiner et al . (1998) which showed that 
gene therapy could be used to treat different types of diseases, 
including specifically diabetes, heart disease, and cancer. 

In addition to the above articles, the following articles 
demonstrate that gene therapy can be used to treat cancer and 
heart disease. In Campbell, et al . , "Adenovirus-mediated plG™""' 
gene transfer significantly suppresses human breast cancer 
growth," CancBr Gene Therapy, (2 000) 7 : 1270-1278, it was 
demonstrated in mice that a adenovirus-mediated pl6^^^^ gene 
transfer significantly suppressed human breast cancer growth. 
This article is attached hereto as Exhibit A. Another article, 
Tomiyasu, et al . , "Direct intra-cardiomuscular transfer of 
beta2 -adrenergic receptor gene augments cardiac output in 
cardiomyopathic hamsters," Gene Ther, (2000) 7 (24 ): 2087-2093 , 
demonstrated that direct intra-cardiomuscular transfer of beta2- 
adrenergic receptor gene in cardiomyopathic hamsters 
significantly elevated stroke volume and cardiac output. This 
article is attached hereto as Exhibit B. Furthermore, the 
abstract, Zhang, et al . , "Adenovirus 5 Ela mediated gene therapy 
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for human ovarian cancer cells in vitro and in vivo,'' Int J 
Gynecol Cancer, (2001) ll{l):18-23, demonstrated in mice that 
by using an adenovirus 5Ela gene transfer, tumor growth was 
greatly inhibited in the mice. This abstract is attached hereto 
as Exhibit C. 

In view of the totality of applicants' submitted articles, 
applicants respectfully disagree with the Examiner's assertion 
that gene therapy in general was highly unpredictable at the 
time of filing of the above- identified application. In 
addition, applicants assert that the Examiner has not 
demonstrated that . the presently claimed invention is not 
enabling. In the Office Action issued February 24, 2003, the 
Examiner stated, "Although gene therapy could in theory be used 
to treat a wide range of diseases, the art of record shows that 
potential has not as yet been realized and, for reasons of 
record, could not be realized based on the teachings of the 
prior art and instant disclosure without engaging in undue 
experimentation." In support of these assertions the Examiner 
cited articles from 1997 or earlier although the above- 
identified application was filed on January 25, 2001. In 
response, in Paper No. 16, applicants submitted many articles 
which were more relevant in time, because they were dated 
between 1998 and 2001 which showed that gene therapy could be 
used to treat different types of diseases without undue 
experimentation. In the years between 1997 (the date of the 
Examiner's articles) and 2001 (the date of applicants' 
articles) , the level of skill as well as the technology 
progressed such that one skilled in the art following the 
present application and other publicly available information 
would have had a reasonable expectation of success as of 
applicants' filing date, at least for diabetes, heart disease, 
and cancer. 

In the June 16, 2003 Advisory Action, the Examiner appears to 
acknowledge that the articles submitted in Paper No. 16 show 
enablement for certain types of diseases when he says, "It must 
be emphasized that the claimed method is not limited to gene 
therapy of any of the diseases for which some evidence of 
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therapeutic effect is shown." 

Most of these articles submitted by the applicant in Paper No. 
16 show that gene therapy could be used to treat different types 
of diseases. Although some of these articles submitted stated 
that more work needs to be done in gene therapy, this does not 
suggest that gene therapy was highly unpredictable, or even 
unpredictable, at the time of filing. To the contrary, most of 
these articles showed that without undue experimentation, 
therapeutic effects could be achieved for treating different 
types of genetic diseases, including diabetes, heart disease, 
and cancer. 

Applicants believe that, at the time of filing, gene therapy was 
not highly unpredictable, or even unpredictable, and thus non- 
enabling. To the contrary, applicants assert that at the time 
of filing, the teachings of the articles submitted by the 
applicants demonstrate enablement for using gene therapy to 
treat at least diabetes, heart disease and cancer. 

Claims 2-8 are dependent on claim 1, either directly or 
indirectly, and are thus patentable for at least the same 
reasons that claim 1 is patentable. Claims 10-12 are dependent 
on claim 9, and are thus patentable for at least the same 
reasons that claim 9 is patentable. 

In summary, in light of the remarks and amendments made 
hereinabove, applicants respectfully request that the Examiner 
reconsider and withdraw the various grounds of rejection set 
forth in the February 24, 2003 Office Action. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorneys invite the Examiner to telephone them at the number 
provided below. 
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No fee, other than the enclosed fee of $972.00 ($375.00 for filing 
a RCE, $465.00 for Petition For A Three-Month Extension Of Time, 
and $132.00 for additional claims), is deemed necessary in 
connection with the filing of the RCE, and this Amendment and 
Petition For A Three -Month Extension Of Time. However, if any 
additional fee is required, authorization is hereby given to charge 
the amount of any such fee to Deposit Account No. 03-3125. 



Respectfully submitted, 
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Adenovirus-mediated pl6^^^^ gene transfer significantly 
suppresses human breast cancer growth 

Islay Campbell,^ Anthony Magliocco,^ Terence Moyana,^ Changyu Zheng,"* and Jim Xiang* 

Departments of ^Microbiology and Pathology, Saskatoon Cancer Center, University of Saskatchewan, 
Saskatoon, Saskatchewan, Canada; ^Department of Pathology, University of Calgary, Calgary, Alberta, 
Canada; and ^Gene Therapy Branch, National Institute of Dental Research, National Institutes of Health, 
Bethesda, Maryland 20892. 



The pi 6'^^"' tumor suppressor gene encodes a protein that inhibits cyclin-dependent kinase 4, and its homologous deletion is 
common in human breast cancer, pi 6^'"''''' gene transfer has been reported to be efficacious in inducing growth inhibition of various 
human tumors such as brain, lung, prostate, and esophageal cancers. However, the efficiency of the pi 6''^^'' gene with regard to 
growth inhibition of human breast cancer has not been studied extensively. To examine its tumor-suppressive function and its 
potential in breast cancer gene therapy, the wild-type pi 6"^'''* gene was expressed in an adenovirus-mediated gene delivery system 
and introduced into breast cancer cell lines that do not express pi 6''^'''' protein. Expression of the introduced pi 6''"^'^'' blocked tumor 
cell entry into the S phase of the cell cycle, induced tumor cell apoptosis, and inhibited tumor cell proliferation both in vitro and 
in vivo. These results strongly suggest that pi 6'^'^^'" is a tumor suppressor gene and suggest that it has potential utility in breast cancer 
gene therapy. Cancer Gene Therapy (2000) 7, 1270-1278 

Key words: pi 6; adenovirus; apoptosis; breast cancer. 



Over the last decade or two, studies on oncogenes 
and tumor suppressor genes have increasingly pro- 
vided evidence that cancer develops from the activation 
of oncogenes and/or the loss or mutation of tumor 
suppressor genes. ''^ Based on this concept, new strate- 
gies have been developed rapidly as alternatives to 
conventional cancer therapy. One of them is cancer gene 
therapy, whereby insertion of various genes such as the 
tumor suppressor gene into tumor cells can either 
restore the normal function of a defective tumor sup- 
pressor gene or eliminate the abnormal function of an 
oncogene product.**'"^ 

pl^f^^f is a tumor suppressor gene that was identified 
and cloned from studies of cell senescence*^ and cell 
cycle control.^ It maps to the chromosome 9p21 region,^ 
which is frequently deleted, mutated, or silenced by 
promoter methylation in many human tumors.^"'^ The 
major transitions of the eukaryotic cell cycle are trig- 
gered by cyclin-dependent kinases (CDKs).'' CDK4 reg- 
ulates progression through the G i phase of the cell cycle. 
In normal ceils, the retinoblastoma tumor suppressor 
gene (Rb) regulates cell proliferation by binding and 
sequestering transcription factors essential for progres- 
sion to the S phase. These transcription factors are 
released at the late G, phase by phosphorylation of Rb, 
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thereby allowing cells to enter the S phase. The main 
function of the CDK4-cyclin D complex is to phosphor- 
ylate Rb at late G,." The pl6 gene has been biochem- 
ically characterized as a protein that specifically binds to 
and inhibits CDK4 and functions as a negative cell-cycle 
regulator by controlling the activity of CDK4-cyclin D, 
leading to regulation of Rb phosphorylation.'^'^-* Be- 
cause the loss of growth control is a common feature of 
malignant transformation, it is reasonable to hypothe- 
size that deranged CDK inhibitors such as pl6^^^ will 
result in loss of cell growth control. There is now 
growing evidence that shows that restoration of the 
pl6^^^^ gene in pl6-depleted tumor cells significantly 
suppresses tumor growth in vitro and in vivo. "^"^^ 

Breast cancer is one of the most common malignan- 
cies in North American women, affecting as many as one 
in eight, and this type of cancer is responsible for as 
many as one in five cancer-related deaths in women. 
Aberrant pl6'^^''' expression was reported in 30-60% of 
breast cancer cell lines,'^"^' but at a relatively lower 
frequency in primary breast tumors according to the 
polymerase chain reaction/sinele-strand conformation 
polymorphism method. However, in a recent 
study using more controllable immunohistochemical as- 
says, Geradts and Wilson reported a high frequency 
(49%) of aberrant pl6'^^'' expression in 104 archival 
breast tumors.""^ Their results indicate that aberrant 
P^^/a/a:^ expression is much more frequent than was 
previously thought and may, in fact, be one of the most 
common abnormalities in human breast cancer. 
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Recombinant adenovirus has facilitated gene transfer 
into a variety of ceil types, both benign and malig- 
nant.^'^'^^ Adenoviral vectors have a broad host and cell 
range and high levels of gene expression. The ability to 
produce large quantities of purified adenovirus with 
relative ease makes this system very attractive for clinical 
use. Adenovirus-mediated pi6^ gene transfer as a 
cancer gene therapy approach has been investigated in 
several types of human malignancies with pi6' dele- 
tion, including non-small ceil lung cancer, esophageal 
carcinomas, gliomas, and prostate cancer.'"*"'^'' In the 
present study, we evaluated the relative antitumoral 
activity of the pi 6^^''"' tumor suppressor gene in plG'^^''- 
deleted breast cancer cell lines in vitro and in vivo by 
using adenovirus-mediated gene transfer. 



MATERIALS AND METHODS 

Cell lines, antibodies (Abs), and animals 

Various human cell lines were used in this study. These include 
four breast carcinoma cell lines (MCF-7, MDA-MB-231, BT- 
549, and T-47D), a cervical epithelioid carcinoma cell line 
(HeLa), and a lymphoblastic leukemia cell line (MOLT-4). All 
of these cell lines were obtained from the American Type 
Culture Collection (Manassas, Va) and maintained in RPMI 
1650 medium plus 10% fetal calf sera. The human embryonic 
kidney cell line 293, transformed with AdV5 El, was obtained 
from Microbix Biosystems (Toronto, Ontario, Canada) and 
maintained in Eagle's minimum essential medium plus 10% 
fetal calf serum. Various mouse monoclonal Abs recognizing 
p2^/A^K4^ Rb, proliferating cell nuclear antigen (PCNA), and 
pan-keratin (AE1/AE3/PCK26) were purchased from PharM- 
ingen Canada (Mississauga, Ontario, Canada). BALB/c nu/nu 
mice were purchased from Charles River (Montreal, Quebec, 
Canada) and maintained in our pathogen-free animal facility 
at the Saskatoon Cancer Center. 



Recombinant adenoviruses 

Three recombinant adenoviruses were used in this study, 
namely AdV-LacZ, AdV-pl 6, and AdV-pLpA, The adenovirus 
AdV-LacZ contains the Escherichia colt )3-galactosidase (/3- 
gal) marker gene under the transcriptional control of the 
human cytomegalovirus promoter. The adenoviral vector 
pLpA-pl6 was constructed in our laboratory by insertion of the 
pl6' cDNA into the adenoviral expression vector pLpA.^" 
The recombinant adenoviruses AdV-pl6 and AdV-pLpA were 
produced by cotransfection of pLpA-pl6 or pLpA DNA with 
pJM17 DNA in 293 cells."" Subsequent homologous recombi- 
nation between the two plasm ids (pLpA-pl6 or pLpA and 
pJM17) resulted in the clones of adenoviruses AdV-pl6 and 
AdV-pLpA- Viral seed stocks were then obtained by amplifi- 
cation in 293 cells. Working stocks of the virus were obtained 
by harvesting 293 cells at 36 hours postinfection with appro- 
priate seed stock. The cell pellet was lysed by three freeze-thaw 
cycles. Adenovirus was then purified by two rounds of CsC! 
uitracentrifugation. Purified virus was mixed with 10% glycerol 
and dialyzed twice against 500 mL of dialysis buffer containing 
10 mM tris(hydroxymethyl)am!nomethane/HCl (pH 7.5), 1 
mM MgCU, and 10% glycerol at 4"'C for 6 hours. Purified virus 
was aliquoted and stored at — SO^C until use. 



Western blot analysis 

Tumor cells from one 10-cm dish with or without adenoviral 
infection were scraped off using a rubber policeman with 300 
of extraction buffer containing 125 mM tris(hydroxymeth- 
yl)aminomethane, 0.05% sodium dodecyl sulfate, and 10% 
/3-mercaptoethanol. Cell extracts were harvested. To remove 
cellular debris, cell extracts were centrifuged at 1000 x g for 5 
minutes. The supernatant containing protein samples (30 /xg) 
was electrophoresed through 15% gels and transferred onto 
nitrocellulose papers; blots were incubated with various mouse 
monoclonal Abs (1 pLg/mL) recognizing pi 6'^^'', Rb, and 
PCNA molecules as controls, respectively. For detection of Rb 
protein, protein samples were electrophoresed through 8% 
gels. Blots were washed with phosphate-buffered saline (PBS) 
containing 0.1% Tween 20 and further incubated with horse- 
radish peroxidase-conjugated goat anti-mouse Ab. Detection 
was accomplished by using enhanced chemiluminescence re- 
agent according to the manufacturer's protocol (New England 
Nuclear Life Science Products, Boston, Mass). 

Infection of tumor cells in vitro AdV-LacZ 
adenovirus 

The in vitro ability of adenovirus AdV-LacZ to infect various 
tumor cell lines was assessed. Briefly, four breast cancer cell 
lines were seeded onto a triplicate of 96-weIl tissue culture 
plates at a concentration of 0.5 X 10^^ cells/well. Serial dilutions 
of AdV-LacZ stock (2 X 10'" plaque-forming units (PFU)/mL) 
were added to form different multiplicities of infection 
(MOls): 1X10^ (MOI of 200), 0.5 x 10^ (MOl of 100), 0.25 X 
10^ (MOI of 50), 1.25 X 10*' (MOI of 25), 0.6 X 10'* (MOI of 
12), and 0.3 X 10*' (MOI of 6). Cells were incubated with virus 
at 37°C for 2 hours. Media containing virus were removed and 
replaced with the regular media. Cells were further incubated 
at 37°C for 24 hours and then analyzed for jS-gal expression.^** 
Briefly, transfected tumor cells were fixed in PBS containing 
37% formaldehyde and 25% glutaraldehyde and stained with 
5-bromo-4-chloro-3-indolyl )3-D-galactoside (Life Technolo- 
gies, Burlington, Ontario, Canada). Positive cells had a blue 
color. The mean reading of positive tumor ceils from wells in 
triplicates were taken as the percentage transduction at each 
MOI. 

Immunohistochemical study 

The breast cancer cell lines MCF-7, MDA-MB-231, and T-47D 
(1 X 10-*^ cells in a 60-mm dish) were infected with AdV-pl6 at 
an MOI of 50 PFU/cell, except for MCF-7, which was infected 
at an MOI of 150 PFU/cell. Tumor cells were harvested at 1 
day postinfection. Cell pellets were fixed in 10% neutral- 
buffered formalin and routinely embedded in paraffin. Sections 
were deparaffinized in xylene and rehydrated in graded alco- 
hols. Endogenous peroxidase activity was quenched by incu- 
bating the slides with 0.3% hydrogen peroxide in methanol for 
15 minutes followed by three PBS rinses. The slides were 
incubated with normal rabbit sera to reduce any nonspecific 
staining. For examination of pi 6 expression, the slides were 
incubated with mouse anti-pl6 Ab and anti-pan-keratin Ab as 
a control at 10 p-g/mL overnight at 4°C. The slides were washed 
and subsequently incubated with biotinylated goat anti-mouse 
immunoglobulin G Ab at 10 jLtg/mL. For examination of 
apoptosis, an apoptosis (APO)-bromodeoxyuridine (BRDU) 
kit (Phoenix Flow Systems, San Diego, Calif) was used. Briefly, 
the slides were incubated with the DNA labeling solution 
containing the terminal deoxynucleolidyl transferase enzyme 
and bromo (Br)-deoxyuridine triphosphate (dUTP) according 
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to the manufacturer's protocol. The sUdes were washed and 
then incubated with the Ab solution containing the biotin-anti- 
Br-dUTP Ab. These slides were washed three times with PBS 
and then incubated with avidin-biotin-peroxidase complex 
reagents for 30 minutes. The peroxidase activity was developed 
with freshly prepared 01)6% 3',3'-diaminobenzidine contain- 
ing 0.1% hydrogen peroxide. Hematoxylin was used as the 
counterstain. 

In vitro cell growth and flow cytometry analysis after 
AdV-p16 infection 

To study the inhibition of cell growth in vitro, four breast 
cancer cell lines (5 X K)'^ cells in a 60-mm dish) were infected 
with AdV-pl6 and AdV-pLpA (as a control) as described 
above. Culture medium was used for mock infections. Tripli- 
cate dishes of each treatment were counted daily for 5 days. 
The cell viability was determined by trypan blue exclusion. To 
measure DNA histograms, tumor cells were harvested 3 days 
after viral infection, resuspended in ice-cold PBS buffer con- 
taining 0.3 mM ethylenediaminetetraacetic acid, and fixed by 
the gradual addition of ice-cold 100% ethanol to a final 
concentration of 80%. The fixed cells were kept at 4*'C for 3 
days, pelleted, and resuspended in 1 mL of the above buffer 
containing 5 jULg/mL propidium iodine (Sigma, St. Louis, Mo) 
and 10 ^g/mL ribonuclease. The samples were incubated at 
37°C for 30 minutes and then analyzed using a Coulter Epics 
XL flow cytometer (Coulter, Burlington, Ontario, Canada). 
The Multiplus AV software package from Phoenix Flow 
Systems was used for data analysis. Mean peak fluorescence 
was determined for each histogram. 

Tumorigenicity assay 

MDA-MB-231 cells were infected with AdV-p]6 and AdV- 
pLpA virus, respectively, at an MOI of 150. An equal amount 
of cells was treated with medium as a mock infection. At 2 
hours postinfection, infected tumor cells (2 x 10'' cells in 50 /ulL 
of Metrigel per mouse) were injected subcutaneously (s.c.) into 
the right thigh of each nude mouse. Metrigel, which contains a 
mixture of laminin, collagen IV, heparan sulfate, and entactin, 
was purchased from Becton Dickinson Labware (Bedford, 
Mass). It has been reported that Metrigel was able to signifi- 
cantly enhance human breast tumor growth in nude mice, 
although the tumor growth rate was not 100%.-'^ Mice were 
sacrificed at 2 weeks after tumor inoculation. Tumors were 
removed for histological analysis. 

Intratumoral (i.tj vaccination with recombinant 
adenoviruses 

MDA-MB-231 tumor cells (2 X UY' cells in 50 p-L of Metrigel 
per mouse) were injected s.c. into the right thighs of mice. 
When tumors became palpable (---3 mm in diameter), mice 
were injected i.t. with 2 x 10*^ PFU of adenoviruses AdV-pl6 
and AdV-pLpA, respectively. The injection was repeated at 
day 4. Tumor growth or regression was monitored by measur- 
ing tumor diameter using a caliper. Mice were sacrificed at 2 
weeks after the initial adenoviral vaccination, and tumors were 
removed, weighed, and examined histologically. 

RESULTS 

Expression of endogenous pUi^^'^ and Rb 

The MCF-7 and MDA-MB-231 ceil lines had homozy- 
gously deleted plG^^^'^ genesr^' whereas the T-47D cell 
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Figure 1. Western blot analysis. A: Detection of pie"^'^^ and Rb 
expression in human tumor cell lines including HeLa and MOLT-4 
(lane a), MCF-7 (lane b), MDA-MB-231 (lane c), T-47D (lane d), and 
BT-549 (lane e). B: Detection of p^Q'^^'' In a HeLa cell tine (lane a) 
and in AdV-p1 6-transduced breast tumor cell lines. Including MCF- 
7/AdV-p16 (lane b), MDA-MB-231 /AdV-p1 6 (lane c), and T-47D/ 
AdV-p16 (lane d). In this experiment, the anti-PCNA Ab was used as 
a control for quantitation of sample protein for each cell line. 

line did not express pl6^^^^ protein by DNA methyl- 
ation.'^" All three of the cell lines have a wild-type (wt) 
Rb gene. The BT-549 cell line, which was selected to act 
as a control, has a wt p\6'^^^ gene and a mutated Rb 
gene.-^" To confirm the above information, a Western 
blotting analysis was performed. As shown in Figure lA 
(lanes b, c, and d), the MCF-7, MDA-MB-231, and 
T-47D cell lines showed endogenous expression of Rb 
but not pl6^^^'' gene, whereas the BT-549 cell line TFig 
lA, lane e) showed endogenous expression of pl6 ^ 
but not Rb gene. In this experiment, the protein extracts 
of HeLa and MOLT-4 cell lines (Fig lA, lane a) were 
used as the positive controls for pl6 '^'^ and Rb mole- 
cules, respectively, and the mouse anti-PCNA Ab was 
used as a control for quantitation of sample protein of 
each cell line. 

Efficiency of adenoviral infection in breast cancer cells 

The infectivity of AdV-LacZ in vitro on tumor cells was 
determined by measuring the percentage of blue cells 
after cytochemical staining with 5-bromo-4-chloro-3- 
indolyl |3-D-galactoside at 1 day postinfection. A dose- 
dependent response was noted in each of the cell lines 
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Figure 2. Immunohistochemical study of formalin-fixed, paraffin-embedded MDA-MB-231 breast cancer cells using the anti-p16 and the 
anti-keratin Abs. A: MDA-MB-231 cells infected with AdV-p16 were stained with the mouse anti-pi 6 Ab. Note the cytoplasmic and nuclear 
positivity (arrows). B: MDA-MB-231 cells were also stained using the mouse anti-keratin Ab as a qualitative control. There is widespread 
positivity, some of which is indicated by the arrows. C: MDA-MB-231 cells without any adenoviral infection were stained with the mouse 
antl-p16 Ab; no positivity was observed. Magnifications: A, x110; B, x55; C, x55. 



tested. Most of the cell lines (MDA-MB-231, T-47D, 
BT-549, and MCR-5) attained their maximal infectivity 
(94%, 90%, 81%, and 82%, respectively) at an MOI of 
50. The maximal infectivity for MCF-7 was 83% at an 
MOI of 150. Control cells not exposed to AdV-LacZ did 
not exhibit any intrinsic jS-gal activity or false-positive 
staining. 

Expression of exogenous p 7 6 protein in human breast 
cancer cells 

The strong cytomegalovirus promoter was used to drive 
P^^/a/a:^ expression to obtain a high level of expression of 
this gene. Most of the tumor cell lines were infected with 
AdV-pl6 or AdV-pLpA at an MOI of 50 in the subse- 
quent experiments, except for the MCF-7 cell line, which 
was infected at an MOI of 150. As shown in Figure IB 
(lanes b, c, and d), high levels of exogenous pl6'^^'^ 
protein expression were achieved in the MCF-7, MDA- 
MB-231, and T-47D cells in Western blots 3 days after 
AdV-pl6 infection. In this experiment, the mouse anti- 
PCNA Ab was used as a control for quantitation of 
sample protein. In contrast, cells infected with a control 
adenovirus, AdV-pLpA, had no detectable increase in 
the level of pl6 expression compared with the level of a 
control protein PCNA (data not shown). To further 



visualize the exogenous expression of pl6 gene, an 
immunohistochemical study was performed using the 
mouse anti-pl6 Ab. Three breast cancer cell lines 
(MCF-7, MDA-MB-231, and T-47D) were infected with 
AdV-pl6. A large amount of exogenous pl6'^^'^ expres- 
sion was detected in both the nuclei and cytoplasm of 
AdV-pl6-infected MDA-MB-231 cells (Fig 2A). In this 
experiment, the mouse anti-keratin Ab, which detects 
the cytoplasmic keratins, was used as a control to 
confirm the quality of this immunohistochemical method 
(Fig 2B). No endogenous pl6^^^''^ expression was seen in 
this cell line (Fig 2C). The strong and diffuse cytoplasmic 
expression of pl6^^^'' has also been seen in some human 
tumor tissues, such as breast and cervical cancers 
The expression of exogenous pl6'^^''' was also seen in 
AdV-pl6-infected MCF-7 and T-47D cell lines (data not 
shown V Subsequently, the effect of the introduced 
pl6'^ protein on the tumor cell Hnes was examined in 
the following assays. 

Effect of pi 6'^^^ protein on breast cancer cell growth 

Four breast cancer cell lines (MCF-7, MDA-MB-231, 
T-47D, and BT-549) were infected with AdV-pl6. Trip- 
licate sets of the infected and mock-infected cells were 
counted every day for 6 days, and the mean cell number 
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Figure 3. Cell growth curves of the AdV-p16-infected breast cancer 
cell lines. The MCF-7 (A), MDA-MB-231 (B), T-47D (C), and BT-549 
(D) cell lines were incubated at densities of 5 x 10^ cells in 60-mm 
dishes and infected with AdV-p16 or AdV-pLpA. Culture medium 
alone was used for mock infection. Live cells in triplicate cultures of 
each cell line for each treatment were counted daily after infection. 
The curves are plotted from a representative assay. Each point 
represents the mean of triplicates. The SDs of each point are <3% 
of the mean value. 



for each day was calculated. As shown in Figure 3, the 
cell growth curves of four tumor cell lines were similar. 
However, three cell lines (MCF-7, MDA-MB-231, and 
T-47D) with aberrant pi6^^^^ and wt Rb gene exhibited 
marked growth inhibition after AdV-pl6 infection, 
whereas the cell line (BT-549) with wt piG^^^"" and 
mutated Rb gene did not show any growth inhibition. All 
controls representing cell lines with mock infection or 
infected with AdV-pLpA did not show any significant 
growth inhibition. These results suggest that tumor cells 
expressing exogenous have an altered exponen- 

tial growth phase. At 6 days after infection with AdV- 
pl6, the growth rates of the AdV-pl6-infected MCF-7, 
MDA-MB-231, and T-47D cells were inhibited by 94%, 
98%, and 90%, respectively, compared with the growth 
rates of the AdV-pLpA-infected cells. However, the 
growth rate of BT-549 with endogenous pl6'^^'' infected 
with AdV-pl6 was not inhibited at all. 

Cell cycle arrest and apoptosis mediated by AdV-p16 

At 3 days after AdV-pl6 infection, cells were harvested 
for cell cycle analysis by flow cytometry. As shown in 
Figure 4, AdV-pl6-mediated expression of pi6^^^^ pro- 
tein significantly increased 19%, 14%, and 18% of cells 
in the G, phase in the pl6'^^'''-deleted breast cancer cell 
lines MCF-7, MDA-MB-231, and T-47D, respectively, 
suggesting the induction of G, phase arrest. In addition, 
two cell lines (MDA-MB-231 and T-47D) also showed 
60% and 36% apoptosis that displayed subdiploidy 
peaks in DNA histograms.-^'^ In contrast, no G, phase 
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DNA CONTENT 

Figure 4. The DNA content of the breast cancer cell lines was 
analyzed by flow cytometry. MCF-7, MDA-MB-231, T-47D, and 
BT-549 tumor cells were infected with AdV-p16 and AdV-pLpA, 
respectively, for 4 days in culture medium. Tumor cell lines were 
then harvested and stained with propidium iodine for flow cytomet- 
ric analysis. The uninfected tumor cell lines were used as controls. 
Apoptosis (Ap) is detected as a fraction of tumor cells with DNA 
content less than that of cells. 



arrest and apoptosis were seen in pl6^^'^^ protein- 
positive BT-549 with mutated Rb gene. The induced 
apoptosis was further confirmed in a histochemical study 
by using the APO-BRDU kit. As shown in Figure 5, 
scattered apoptosis (arrows) was seen in MDA-MB-231 
tumor cells infected with AdV-pl6. 

Inhibition of tumorigenicity mediated by AdV-p16 

To determine whether the exogenous pl6'^^'' expression 
affects their tumorigenicity, BALB/c nu/nu mice were 
inoculated with MDA-MB-231 tumor cells with and 
without infection of AdV-pl6. As shown in Table 1, 
AdV-pi6-treated tumor cells completely suppressed tu- 
mor growth in vivo, whereas 70% and 80% of mice that 
received AdV-pLpA- and medium-treated MDA-MB- 
231 cells developed tumors, respectively. Our results 
demonstrated that the tumorigenicity of breast tumor 
cells was completely inhibited by prior treatment with 
AdV-pl6, indicating that the pl6'^'^'' protein may have 
therapeutic efficacy. The therapeutic potential for AdV- 
pl6 was further examined in a BALB/c nu/nu mouse 
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Figure 5. Immunohistochemical study of formalin-fixed, paraffin-embedded MDA-MB-231 tumor cells using the anti-Br-dUTP Ab. A: Tunrior 
cells Infected with AdV-p16 were pelleted, fixed in formalin, and embedded in paraffin for making sections. The sections were Incubated with 
Br-dUTP and terminal deoxynucleotidyl transferase. After washing with PBS, the sections were incubated with biotin anti-Br-dLITP Ab and then 
with the avidin-biotin-peroxidase complex reagents. Some of the tumor cells are strongly positive (arrows). B: Tumor cells without any 
adenoviral infection were incubated with biotin anti-Br-dUTP Ab; no positivity was observed. C: A human tonsil section was incubated with 
biotin anti-Br-dUTP Ab and used as a positive control; note the scattered positivity in the lymphoid follicle. Magnifications: x55 for each figure. 



tumor model. As shown in Figure 6 and Table 2, the 
growth of MDA-MB-231 tumors with treatment of 
AdV-pl6 was significantly inhibited compared with that 
of tumors that were treated with AdV-pLpA and PBS. 
The mean weight of AdV-pl6-treated tumors was 0.21 g, 
which is significantly smaller than that of AdV-pLpA- 
and PBS-treated tumors (1.02 g and 1.23 g, respectively) 
(P < .01). In addition, AdV-pLpA treatment alone has 
also shown some effect on tumor growth inhibition in 
vivo, although this effect is much milder. As further 
shown in Figure 7, the AdV-pl6-treated tumors showed 
multiple large areas of necrosis, possibly due to apopto- 
sis induced by exogenous expression of pl6'^'''', whereas 

Table 1. Tumorigenicity of AdV-p16-inf acted tumor cells 



Tumor cells* 


Tumor incidence (%) 


MDA-MB-231/AdV-p16 


0/10 (0) 


MDA-MB-231/AdV-pLpA 


7/10 (70) 


MDA-MB-231 


8/1 0 (80) 



*MDA-MB-231 tumor cells were infected with AdV-p16, AdV- 
pLpA, and medium, respectively. One day after adenoviral 
infection, 2x10® tumor cells were injected s.c. into each nude 
mouse. Two weeks after tumor inoculation, tumors were removed 
and confirmed by histological analysis. 



the AdV-pLpA-treated tumors only displayed small 
focal areas of necrosis. 




2 4 6 8 
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Figure 6. Tumor growth inhibition by i.t. injection of AdV-p16. 
MDA-MB-231 tumor cells (2 x 10^ cells in 50 fxL of Metrigel per 
mouse) were injected s.c. into the right thighs of nude mice. When 
tumors became palpable (3 mm in diameter), each mouse was 
injected i.t. with 2x10^ PFU AdV-p16 (O), 2x10^ PFU AdV-pLpA 
(A), or PBS (•), respectively. The injection was repeated once at day 
4. Tumor growth or regression was monitored by measuring tumor 
diameter using a caliper. 
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Table 2. Inhibition of established MDA-MB-231 tumors by 
intratumoral vaccination of AdV-p16 





Mean tumor weight (g)t 


Tumor incidence 


Animal* 


± SD 


(%) 


Group 1 


0.21 ± o.m 


8/8 (100) 


Group II 


1,02 ± 0.25 


8/8 (100) 


Control 


1.23 ± 0.21 


8/8 (100) 



*There were eight mice in each group. Each nude mouse was 
injected s.c. with 2 x 10^ MDA-MB-231 tumor cells. When 
tumors became palpable (3 mm in diameter), each mouse in 
groups ! and il was injected i.t. with 2x10® PFU of AdV-p16 and 
AdV-pLpA, respectively. In the control group, each tumor was 
injected with PBS. Two weeks after injection of AdV-p16, tumors 
were removed and weighed. 

tThe mean tumor weight represents the total tumor weight 
from each group of mice divided by 8. 

$The value In group I is significantly different (P < .01) from that 
in group II and in controls (Student's t test). 



DISCUSSION 

To investigate tJie efficacy of breast cancer therapy 
mediated by adenovirus-mediated plG^^^"^ gene transfer, 
four breast cancer cell Jines (MCF-7, MDA-MB-231, 
T-47D, and BT-549) were selected in this study. These 
include three tumor cell lines (MCF-7, MDA-MB-231, 



and T-47D) with a deficiency in pl6^^^^ expression and 
one tumor cell line (BT-549) with wt pie^^"^ but mu- 
tated Rb as a control. The aforementioned four cell lines 
were infected with AdV-pl6. Our data showed that they 
all expressed the exogenous pl6^^^^ after infection, and 
that the induced expression of plG"^'^'' significantly 
inhibited their growth rates in vitro. It is known that the 
plG'^'^'" protein is able to inhibit the activity of CDK4, 
thereby blocking the entry of proliferating cells from G, 
to S phase.-^"* 

The mechanism involved in the inhibition of the 
growth rate mediated by AdV-pl6 was examined. The 
data that we obtained from fiuorescence-activated cell 
sorter analysis showed that expression of exogenous 
pl^/A/A:v blocked tumor cell entry into the S phase of the 
cell cycle and induced cell apoptosis. The induced 
apoptosis was further confirmed by immunohistochemi- 
cai analysis using the APO-BRDU kit. In contrast, no Gj 
phase arrest and apoptosis were seen in the BT-549 cell 
line with wt pl6 and the mutated Rb gene. These 
results indicate that wt endogenous Rb expression is a 
critical determinant of p.l6'^'^''-mediated cell cycle arrest 
and cytotoxicity; they also suggest that the pl6'^'^'' 
protein not only suppresses the growth of tumor cells by 
mediating G, arrest but also induces cell death by 
apoptosis in tumor cell lines that have wt Rb but do not 




Figure 7. Histological photomicrographs (hematoxylin and eosin) of MDA-MB-231 tumor. A: Section from a MDA-MB-231 tumor showing 
poorly differentiated, spindle-shaped tumor cells with brisk mitotic activity. B: Section from a MDA-MB-231 tumor injected with AdV-pLpA 
showing small foci of necrosis (arrows). C: Section from a MDA-MB-231 tumor injected with Ad\/-p16 showing extensive areas of necrosis 
(arrows). Magnifications: A, X55; B, x55; C, x55. 
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express pl6^^^^. Recently, several studies have also 
shown that high levels of exogenous pl6'^^'^ expression 
resulted in the delayed appearance of apoptosis/^''"-^^ 

The effect of a sustained G, block by pl6^^'^''' is 
probably caused by repression of Rb expression in 
response to the accumulation of nonphosphorylated Rb 
and its proteolytic degradation.^*''^*^ The apoptosis re- 
sponse to sustained growth arrest may be due to the 
down-regulation of Rb seen in tumor cells with exoge- 
nous expression of pi6'^^'^.'*" When Rb levels are suffi- 
ciently reduced, the protective role of Rb toward apo- 
ptosis can no longer be maintained. Our results are thus 
consistent with a recent report that AdV-pl6 infection 
was cytotoxic to cancer cells that expressed wt Rb but 
were null or mutant for pl6'^^'''; the study further 
showed that the infection was much less cytotoxic to 
cancer cells that did not express a wt Rb but expressed 
wt pl6^^^^^' 

In the BALB/c nu/nu mouse model, our data 
showed that i.t. injection of AdV-pLpA alone resulted 
in some degree of tumor growth inhibition and in the 
formation of multiple small tumor necrosis. These are 
possibly derived from the immediate inflammatory 
immune responses directed against the adenovirus, 
which consist of the early influx of neutrophils, natura^ 
killer cells, and macrophages into infected tissues."^" 
More importantly, our data also showed that (a) the 
exogenous expression of pi6'^^'^ is able to reduce the 
tumorigenicity of infected tumor cells, and (b) the i.t. 
injection of AdV-pl6 is able to significantly inhibit 
tumor growth in vivo and induce extensive tumor 
necrosis. Our results thus suggest that adenovirus- 
mediated pl6'^^'' gene transfer may represent a new 
therapeutic approach for the treatment of breast 
cancers- 

In summary, this report shows that infection of human 
breast cancer cells with AdV-pl6, a recombinant adeno- 
virus expressing pl6'^'^'', resulted in high levels of pl6 
expression. This marked increase in expression of the 
exogenous pl6'^^'^ is able to (a) induce cell cycle arrest 
in the G, phase of tumor cells expressing functional 
endogenous Rb, but not in cells lacking functional Rb, 
(b) induce apoptotic cell death in vitro, and (c) signifi- 
cantly inhibit pre-established breast tumors in vivo in an 
animal model. Hence, the current study suggests that 
replacement of the wt pl6^^^''' gene may be an effective 
molecular approach in the treatment of human breast 
cancers. 
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Direct intra-cardiomuscular transfer of p2'adrenergic 
receptor gene augments cardiac output in 
cardiomyopathic iiamsters 
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In ctironic heart failure, down-regulation of ^-adrenergic 
receptor (f3-AR) occurs in cardiomyocytes, resulting in low 
catecholamine response and impaired cardiac function. To 
correct the irregularity in the fi-AR system, fi-AR gene was 
transduced in vivo into failing cardiomyocytes. The Epstein- 
Barr virus (EBV)-based plasmid vector carrying human j^iz' 
AR gene was injected into the left ventricular muscle of 
Biol 4.6 cardiomyopathic hamsters whose fi-AR is down- 
regulated in the cardiomyocytes. The echocardiographic 
examinations revealed that stroke volume (SV) and cardiac 
output (CO) were significantly elevated at 2 to 4 days after 



the (S2-AR gene transfer. Systemic loading of isoproterenol 
increased the cardiac parameters more significantly on day 
2 to day 7, indicating that the adrenergic response was aug- 
mented by the genetic transduction. The same procedure 
did not affect the cardiac function of normal hamsters. Immu- 
nohistochemical examinations demonstrated human /32-/\f? 
expression in failing cardiomyocytes transduced with the 
gene. RT-PCR analysis detected mRNA for the transgene 
in the heart but not in the liver, spleen, or kidney. The pro- 
cedures may provide a feasible strategy for gene therapy of 
severe heart failure. Gene Therapy (2000) 7, 2087-2093. 



Keywords: heart failure; (i-adrenergic receptor; Epstein-Barr virus-based-plasmid vector; cardiomyopathic hamster; gene 
therapy 



Introduction 

In chronic cardiac failure, persistent excitation of the 
sympathetic nervous system ultimately leads to down- 
regulation of the p-AR in cardiac cells, contributing to 
the decrease in cardiac function. If a large number of p- 
AR can be expressed in cardiomyocytes through genetic 
transduction technique, reactivity to catecholamines may 
be improved, enabling the possible recovery of cardiac 
contractihty.^"'^ Milano et al"^ established a transgenic 
mouse constitutively expressing p2-AR in the heart. They 
found a significant increase in the heart rate (HR), as well 
as improvement in the dp/dt max, an index of isochronic 
contractility. More recently, Kawahira et al^ and Kypson 
et al^ transduced the 32-AR gene ex vivo into donor hearts 
isolated from pressure-overloaded and normal rats, 
respectively. They found elevated LV dp/dt max in the 
heart graft heterotopically transplanted into recipient ani- 
mals. Maurice et af transduced a normal rabbit heart in 
vivo with the 32-AR gene resulting in the elevation of LV 
dp/dt max. Although these earlier reports strongly sug- 
gest the feasibiUty of the p2-AR gene transfer in terms of 
gene therapy for heart failure, there have been no reports 
showing in vivo transduction of the p2-AR gene into fail- 
ing hearts, with attendant cardiac functional restoration. 
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To express a large number of p2-AR in failing cardiac 
muscle cells, it is necessary to find ways to conduct gen- 
etic transduction as efficiently as possible. Previously, we 
reported that a high rate of gene transduction could be 
achieved in cardiomyocytes in vivo through injection of 
the Epstein-Barr virus (EBV)-based plasmid.** In the 
present study, we used this method to transduce the 
AR gene into the hearts of cardiomyopathic hamsters. 
Because direct injection of naked plasmid DNA allows 
transgene expression specifically in cardiac muscle, and 
employment of the EBV-based plasmids enables highly 
efficient gene transduction, our system is considered to 
be highly appropriate for gene therapy of heart failure. 

Results 

We first estimated the transduction efficiency in vivo into 
cardiac muscle using our system. pSES.p (Figure 1) was 
inoculated into the hearts of the Fib hamsters, and X-gal 
staining was performed. The p-gal expression was dem- 
onstrated in cardiac muscle within approximately 0.1 cm 
from each injection site (Figure 2a). This is compatible 
with our previous finding using normal rat heart.** 

Next, the Biol4.6 hamsters were injected with pSES.pz* 
AR or pSES.p into the left ventricles, and their cardiac 
function was evaluated before and 2 and 4 days after the 
transduction. Figure 3 and Table 1 summarize the cardiac 
function parameters obtained by the echocardiographic 
analyses. The hamsters transduced with pSES.p2-AR gene 
showed 1.6-fold higher cardiac output (CO) than the 
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pSES. (3- transduced animals on day 4 after the gene trans- 
fer (45.6 ± 21 .0 ml versus 70.8 ± 21 .3 ml, P < 0.05) 
(Figure 3, left lower panel). Cardiac response to isoproter- 
enol, a p-AR agonist, was also studied by systemic load- 
ing of the drug. On day 4, pSES.p2-AR-transduced group 
showed 1.5-, 1.3- and 1,5-fold higher value for fractional 
shortening (FS), stroke volume (SV) and CO, respectively, 
in comparison with the pSES.p-transduced group (FS: 
22-7 ±1.5 ml versus 14.9 ±5.7 ml, P < 0.05; SV: 
0.256 ± 0.048 ml versus 0.204 ± 0.081 ml, P < 0.05; CO: 

95.8 ±20.7 ml versus 63.5 ±31.8 ml, P < 0.05) (Figure 3, 
right panels). In the group given pSES.p2-AR, the FS was 
1.3-fold higher than that obtained before transduction. 
(FS: 22.7 ± 1.5 ml versus 17.0 ± 2.9 ml, P < 0.05) (Figure 3, 
right upper panel). The SV and CO of the gene-trans- 
duced animals were elevated 1 .7- and 1 .8-fold on day 2, 
respectively, in comparison with the levels before the 
genetic transduction (SV: 0.296 ± 0.023 ml versus 
0-170 ±0.037 ml, P < 0.005; CO: 112.3 ±16.7 ml versus 

62.9 ±13.3 ml, P < 0.005) (Figure 3, right middle and 
lower panels). The results indicate that intramyocardial 
injection of pSES.p2-AR elicits improvement in cardiac 
function, as well as augmentation of adrenergic response 
in the cardiomyopathic hamsters. 

To examine the influence of gene transduction on car- 
diac function of normal animals, the Fib hamsters were 
also tested. Compared with Biol4.6, the Fib hamsters 
show smaller SV and CO, due to smaller left ventricular 
internal dimension at end-diastole (Dd) and left ventricu- 
lar internal dimension at end-systole (Ds) (Tables 1 and 
2). When the Fib were transduced with pSES.P2-AR or 
pSES.p, no significant change was observed in the para- 
meters before and subsequent to genetic transduction, 
regardless of the plasmid injected (Table 2). Systemic 
administration with isoproterenol showed that the adre- 
nergic response in pSES.p2-AR-transduced Fib was com- 
parable to that in Fib given transduction with control 
plasmid. 

Next, the parameters for cardiac function were com- 
puted for the Biol 4.6 animals that received pSES.p2-AR 
or pSES.p transduction, and kinetic changes were moni- 
tored up to the 9th day following transduction. In the 
group transduced with pSES.p2-AR, significant elevation 
in the SV and CO was seen on day 2 to 7, compared with 
the levels before genetic transduction (Figure 4). 

The human P2-AR was demonstrated in cardio- 
myocytes from the pSES.p2-AR-transduced Biol 4.6 by 
immunohistochemical staining (Figure 2b). In contrast, 
the hearts of pSES.p-transduced Biol 4.6 did not stain 
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Figure 2 Gene transfer in vivo by intra-myocardial injection of plasmid 
DNA. (a) Three hundred fjLg of pSES.^ was injected into the left ventricle 
of Fib, and 5 days later, the animal was killed. The heart was fixed and 
stained with X-gal. (b and c) Three hundred /jl,^ of pSES.fiz-AR (b) or 
pSES.fi (c) was injected into the left ventricle of the BioJ4.6, and 5 days 
later, the animal was killed. A frozen section of the heart was immuno- 
stained with anti-human /i2-/VR antibody. 
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Figures Improvement of cardiac functioi of ^cnc-transduced Biol4.6 
cardiomyopathic hamsters. The Biol4.6 were transduced with pSES.{^2- 
AR (solid lines, n = 7) or pSES.fi (dotted lines, n = 6). On the indicated 
days after the transduction, cchocardiographic examination was performed 
before (left panels) or 5 min after (ri^ht panels) percutaneous adminis- 
tration of 0.1 mglkg of isoproterenol. Results are expressed as mean ± s.d. 
(+: P < 0.05, +V: P < 0.005 in comparison luith the parameters for pre- 
transduction; *: P < 0.05, P < 0.005 in comparison hctiveen pSES.fi2- 
AR'transduced and pSES.fi-transduced groups). 

with the anti-human P2-AR antibody that does not recog- 
nize hamster P2-AR (Figure 2c). RT-PCR experiments 
demonstrated the transgene-specific mRNA in pSES.(i2- 
AR-injected heart, but not in hver, kidney or spleen of 
the same animal (Figure 5). The sense and antisense PCR 
primers were set corresponding to SRa and ps'AR 
sequences, respectively, so that endogenous ps-AR 
mRNA is not amplified. The results indicate that the 
transgene expression was achieved exclusively in 
the heart by intra-myocardial injection of the naked 
EBV-based plasmid vector. 

Discussion 

In the present study, we succeeded in augmenting car- 
diac function in cardiomyopathic hamsters by transfect- 
ing P2-AR gene into the cardiac muscle, in an effort to 
correct irregularities in the p-AR system of failing cardio- 
myocytes. Administration with isoproterenol resulted in 
an even more significant improvement in cardiac func- 
tion. The increase in CO may be ascribed to an increase 
in the SV rather than that in the HR. As far as we know. 



there have been no reports showing in vivo genetic 
transduction into failing cardiomyocytes. 

Unlike the P2-AR transgenic mouse, the Pi-AR trans- 
genic mouse did not show elevated cardiac contrac- 
tility.'^'" Therefore, the ps'^R gene may be more suitable 
for gene therapy of heart failure than the pi-AR gene. 

The in vivo genetic transduction into heart tissue has 
been done using many different methods, including 
direct intra-myocardial injection of naked plasmid DNA^^ 
and adenoviral vector,^^ and intra-coronary infusion of 
adenoviral,^"* HVJ-liposome^^ and AAV^^ vectors. We 
chose the direct intra-muscular injection method so that 
the gene expression is limited exclusively to cardiac mus- 
cle. Actually, we did not detect any evidence for trans- 
gene expression in organs other than the heart by RT- 
PCR (Figure 5). Another advantage of this method is sim- 
plicity and safety. Unlike healthy animals, the physiologi- 
cal data of emaciated animals like cardiomyopathic ham- 
sters fluctuate considerably with even a small degree of 
invasion, and for this reason, it is necessary to minimize 
the amount of invasion as much as possible. Provided 
that direct injection is carried out under echocardiogra- 
phy guidance, in vivo naked plasmid injection can be 
done percutaneously without thoracotomy, so that the 
degree of invasion with this method is very low. On the 
other hand, direct injection to cardiac muscle is advan- 
tageous over the intra-coronary approach in that the for- 
mer is also considered appropriate for genetic transduc- 
tion to cells in an ischemic lesion barely supplied with 
blood flow. When cardiac incompetence caused by 
ischemia is considered as a target disease for gene 
therapy, this point may become important. 

An impediment to naked plasmid injection is that the 
intensity of gene expression is comparatively low. To 
overcome this problem, we used the EBV-based plasmid 
vector, which carries oriP and EBNAl gene from EBV 
genome. The EBNAl -oriP system facilitates nuclear local- 
ization of the plasmid, anchorage of plasmid to nuclear 
matrix, and transcriptional up-regulation. Previously, we 
have reported the effectiveness of the vectors in transfect- 
ing various cells of human origin both iii vitro and in 
vivo.^'^'''^^ We also reported that by using the EBV-based 
plasmid vectors, in vitro transient expression over 10 
times higher than that by using conventional plasmids 
was observed, not only in primate cells but in various 
types of rodent cells as well.*^ Furthermore, by directly 
injecting the EBV-plasmid into rat heart, higher rates of 
genetic transduction and expression were obtained than 
by injecting conventional plasmids.*^ 

With naked plasmid injection, genetic transduction is 
only possible in a limited portion of the heart. We cau- 
tiously injected a small amount of a DNA solution into 
five locations of the heart, ie the front, rear, and side walls 
of the left ventricle, the septum, and the apex of the heart, 
to achieve gene expression over a comparatively wide 
range of cardiac muscle (Figure 2a). On the other hand, 
cardiomyocytes are connected by the gap junctions, so 
that adjacent cells are biochemically aligned and function 
cooperatively. It has been reported that cAMP, the 
second messenger mediating adrenergic stimulation, can 
be transmitted through gap junctions.^^'^'^ Taking advan- 
tage of this cell-to-cell communication, it may be possible 
to increase the contractility of cardiac cells which fail to 
be transduced, but which are connected to neighboring 
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Gene Therapy 



cells that are successfully transduced with the ^s-AR 
gene. 

In our experiments, no significant change was 
observed in cardiac function of normal hamsters, while 
Kypson et al^ and Maurice ct af reported significant elev- 
ation in LV-dp/dt max in normal animals given aden- 
ovirus vector-mediated transduction of 32-AR gene. 
Because our method involved plasmid injection to car- 
diac muscle, the intensity of 3-AR expression may be 
lower than that in their experiments. Alternatively, the 
discrepancy may be ascribed to the different parameters 
measured as an index of cardiac function. We analyzed 
cardiac function of animals less invasively and more 
physiologically using echocardiography,^'* while both 
Kypson et alf* Maurice et al'^ and Kawahira et aP measured 
LV-dp/dt max by means of cardiac catheterization. 

A variety of therapeutic approaches have been devised 
to augment the ^-adrenergic signaling to compensate 
cardiac function in heart failure (eg administration 
with dobutamine,^^ prenalterol,^'' xamoterol,^^ and 
milrinone^**). These therapeutic strategies actually 
improve clinical symptoms during short periods follow- 
ing administration, but fail to significantly prolong the 
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survival of patients. This may be ascribed to p-AR down- 
regulation in failing cardiomyocytes. Therefore, p-AR 
gene transfer may be advantageous over pharmacologic 
interventions. In contrast, p-AR blockade was revealed 
to be potentially useful for long-term treatment.^^-'*" The 
concepts are compatible with the manifestations of the 
transgenic animals overexpressing the myocardial Gsa, a 
component of p-AR signaling pathway.''^ In cases of 
chronic severe heart failure beyond conventional medical 
treatment, temporary recovery of cardiac function is 
mandatory. Enhancing cardiac function by a p-AR 
increase is potentially the treatment of choice. p-AR gene 
therapy may be advantageous in terms of improvement 
of quality of life in acute crisis of chronic heart failure, 
under enhanced sympathetic activation. Short-term adre- 
nergic stimulation may be effective in weaning from 
large-dose catecholamine therapy, as well as the intro- 
duction of p-AR blockade therapy in severe cases. The 
therapy may also be applicable to temporal restoration 
of severe heart failure in patients to be treated by heart 
transplantation. 

In conclusion, improved cardiac function was observed 
as a result of in vivo P2-AR genetic transduction in an 
animal model with faiUng heart. This suggests new possi- 
bilities in molecular treatment of severe cardiac failure in 
which there are obstacles to the p-AR system, and which 
are resistant to conventional medical treatment. 

Materials and methods 
Piasmids 

pSES.P2-AR and pSES.p are plasmid vectors containing 
the expression units for the human P2-AR cDNA (EcoRI- 
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Figure 4 Kinetic chanf^c in cardiac fit net ion of *^cne-transduccd Biol 4. 6 
cardiomyopathic hamsters. The Biol4.6 were transduced with pSES.fi.' 
AR (right panels, n = 7) or pSES.fi (left panels, n=3). On the indicated 
days after the transduction, echocardio^raphic examination was performed 
5 min after percutaneous administration of O.'i mg/kg of isoproterenol. 
Results are expressed as mean ±s.d. (+: P < 0.05 in comparison ivith 
pre- transduction.) 
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Figu rc 5 Tran s^cne is excl u s ively ex p ressed in the heart. The Biol 4. 6 
were transduced with pSES.(i2-AR, and 10 days later, RNA xuas extracted 
from the indicated organs. RT-PCR was performed using the combinations 
of SRa-specific sense and human ^^-Al? gene-specific antisejisc primers 
(upper panel) or (i-actin gene-specific sense and nntisense primers 
(lozuer panel). 



Gene Therapy 



liz-AR gene transfer into failing heart 

K Tomiyasu et al 



Sail 1.8 kb fragment from pTZp^-AR kindly provided by 
Dr M Bouvier)''^-^ and £. coli p-gal gene, respectively. 
Both plasmids also possess the EBV oriP element, as well 
as the EBV nuclear antigen 1 (EBNAl) gene (Figure 1). 

Animals 

Biol4.6 (cardiomyopathic hamsters) and Fib (normal 
golden hamsters) were purchased from Charles River 
Laboratories (Wilmington, MA, USA). As Biol 4.6 grow 
older, they show manifestations of heart failure, p-ARs 
being down-regulated in the cardiomyocytes.'*^ The FS of 
the Biol4.6 were 46.8 ± 4.17 and 13.46 ± 3.78 at 29 and 45 
weeks of age, respectively, while that of the 45-week-old 
Fib was 40.78 ±7.86. Therefore, we used 45-week-old 
Biol 4.6 for the experiments. 

Gene transfer 

The animals were anesthetized by intra-peritoneal injec- 
tion with sodium thiobutabarbital (0.1 mg/kg). A 
DNA/20% sucrose solution (2 [lq/\x\) containing a small 
amount of carbon particles as a marker was percu- 
taneously injected into the left ventricular wall, using a 
microsyringe with a 27G needle, under guidance of the 
echocardiography (Digital Sonolayer PowerVision SSA- 
380A equipped with a 7.5-MHz transducer; Toshiba, 
Tokyo, Japan). Approximately 40 |jl1 of the solution was 
injected at each of five locations. 

Measurement of cardiac function 

The animals were anesthetized by intra-peritoneal injec- 
tion with sodium thiobutabarbital (0.1 mg/kg) and 
analyzed by blinded observers. The HR, FS, Dd and Ds 
parameters were individually measured by the echocar- 
diographic device before or 5 min after percutaneous 
administration of 0.1 mg/kg of isoproterenol. The SV and 
CO were calculated according to following formula: 

SV = Dd'^ - Ds^ 
CO = SV X HR 

Statistical analysis 

Differences in cardiac function data were assessed by use 
of a two way repeated-measures ANOVA. If a significant 
F ratio was obtained, further analysis was carried out 
with Fisher's PLSD post hoc test. Differences between 
groups were considered significant at P < 0.05. 

X-gal staining 

The Fib were killed on day 5 following pSES.p transduc- 
tion. The hearts were excised, cut into slices and fixed 
with 2% paraformaldehyde for 4 h at 4°C. Following tho- 
rough rinsing with PBS, the slices were incubated in an 
X-gal staining solution (0.05% (v/v) 5-bromo-4-chloro-3- 
indolyl-P-D-galactoside (X-gal) (Nacalai Tesque, Kyoto, 
Japan), 1 mM MgCls, 150 mM NaCl, 3 mM K4[Fe(CN)J, 
3mM K-,[Fe(CN)J, 60 mM Na2HP04, 40 mM NaH2P04 
and 0.1% Triton X-100) for 3 h at 37°C. 

(52- AR immunohistochemistry 

The Biol4,6 were killed on day 5 after pSES.ps'AR trans- 
duction. The hearts were excised, embedded in paraffin, 
and sliced to a thickness of 5 ixm. The slices were then 
incubated with an appropriate dilution of anti-human P?" 
AR antibody (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), followed by rinsing with PBS and further incu- 



bation with peroxidase-labeled goat anti-rabbit immuno- 
globulin (EnVision; Dako, Carpinteria, CA, USA). The p2- 
AR expression was visualized by treatment with DAB 
solution (Dako). 

RT-PCR 

The organs were removed from the dead animals and 
rinsed with PBS. RNA was extracted with ISOGEN 
(Nippon Gene, Tokyo, Japan) according to the manufac- 
turer's protocol, and RT-PCR was performed as described 
elsewhere.'*^ The combinations of SRa-specific sense and 
p2-AR gene-specific antisense primers (5'-CCGCC 
TGTGGTGCCTCCTGA and 5'-TGCCCATGCCCACCA 
CCCAC, respectively) or p-actin gene-specific sense and 
antisense primers (5'-GTGCTATCCCTGTACGCCTC and 
5'-AGTCCGCCTAGAAGCATTTG, respectively) were 
used (Figure 1). 
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Adenovirus 5 Ela-mediated gene therapy for human ovarian cancer cells in vitro 
and in vivo* 



Zang RY, Shi DR, Lu HJ, Cai SM, Lu DR, Zhang YJ, Qin HL. 

Department of Gynecological Oncology, Cancer Hospital and Cancer Institute, Shanghai, China, 
ryzang@hotmaiLcom 

The aim of this study was to investigate therapeutic efficacy of adenovirus-mediated El a gene 
therapy for ovarian cancer in vitro and in vivo. Recombinant replication-deficient adenoviral 
vectors were prepared by superinfection of 293 cells, and then purified. The efficacy of the 
adenovirus vector system to infect ovarian cells was tested using different multiplicity of infection 
(MOI) and different times (1-4) of Ad.RSVlacZ. SKOV-3 cells (10(3) per well) were infected 
once with 2 x 10(4) adenovirus. The cells were harvested and counted on different days for 7 days 
to generate the in vitro growth curve. Tumor-bearing mice were injected intraperitoneally with 
ovarian cancer cells and treated by intraperitoneal injection of 100 microl (2.5 x 10(8) PFU) viral 
solution containing either replication-deficient Ad.Ela(+); control virus Ad.Ela(-) which is the 
same adenovirus as Ad.Ela(H-) except for El a deletion, or just phosphate buffered solution. The 
transduction efficacy increased with higher MOI and reached a plateau at the 20:1 ratio. When 
Ad.Ela(+) was used to transduce the HER-2/neu overexpressing human ovarian cancer cell line 
SKOV-3, tumor cell growth in vitro was greatly inhibited by El a transduction. Also, Ad.Ela+ 
greatly inhibited tumor growth of SKOV-3 -bearing mice. Immunohistochemistry analysis 
indicated that Ad.E la protein was expressed in tumor tissue and expression of HER-2/neu pi 85 
protein was suppressed. Very strong beta-gal staining was detected in tumors, and beta-gal 
activity in small intestine, lung, heart, stomach, liver, and kidney was detected. No beta-gal 
activity was detected in the tumor and other organs in control mice injected with Ad.Ela(-) or 
PBS. Adenovirus-type 5 El a gene can efficaciously inhibit HER-2/neu-overexpressing ovarian 
cancer, and this promising procedure could greatly benefit ovarian cancer patients with high 
expression of HER-2/neu. 
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